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Abstract: We present an absolute magnitude calibration for red giants with the colour magnitude diagrams of six 
Galactic clusters with different metallicities i.e. M92, M13, M3, M71, NGC 6791 and NGC 2158. The combination 
of the absolute magnitudes of the red giant sequences with the corresponding metallicities provides calibration for 
absolute magnitude estimation for red giants for a given (g — r)o colour. The calibration is defined in the colour 
interval 0.45 < (g — r)o < 1-30 mag and it covers the metallicity interval —2.15 < [Fe/H] < +0.37 dex. The 
absolute magnitude residuals obtained by the application of the procedure to another set of Galactic clusters lie in 
the interval -0.28 < AM < +0.43 mag. However, the range of 94% of the residuals is shorter, -0.1 < AM < +0.4 
mag. The mean and the standard deviation of (all) residuals are 0.169 and 0.140 mag, respectively. The derived 
relations are applicable to stars older than 2 Gyr, the age of the youngest calibrating cluster. 

Keywords: stars: distances - (stars:) giants - (Galaxy:) globular clusters: individual (M92, M13, M3, M71) - 
(Galaxy:) open clusters: individual (NGC 2158, NGC 6791) 



Introduction 



i— ^The distance of an astronomical object plays an important 
K^role in deriving absolute magnitudes of stars and determining 
^|he three dimensional structure of the Milky Way galaxy. The 
("---distance to a star can be evaluated by trigonometric or photo- 
C^inetric parallaxes. Trigonometric parall axes are only available 
^Qfoi' nearby stars where Hipparcos 1 ESA|[l997 ) is the main sup- 
^^>lier for the data. For stars at large distances, the use of 
p hotometric parallaxes is unavoidable. In other words, the 
^tudy of the Galactic structure is strictly tied to precise de- 
• termination of absolute magnitudes. 

■ Different methods can be used for absolute magnitude de- 
germination where most of them are devoted to dwarfs. The 
meth od used in the Str omgren's uvby — j3 (Nisscn & Sc huster 



1991 



) and in the UBV (|Laird. Carney fc Lat ham 1988) pho- 
tometry depends on the absolute magnitude offset from a 
standard main-sequence. In recent years the derivation of 
absolute magnitudes has been carried out by means of colour- 
absolute magnitude diagrams of some specific clusters whose 
metal abundances are generally adopted as the mean metal 
abundance of a Galactic population, such as thin , thick discs 
and halo. The studies of 



Phleps et all j200jg ) and 



Chen et al 



( 200 if ) c an be given as exam ples. A slightly different approach 



is that of 



Sieeel et al 



1 2002} where two relations, one for stars 
with solar-like abundances and another one for metal-poor 
stars were derived between Mr and the colour index R — I, 
where Mr is the absolute magnitude in the R filter of Johnson 
system. For a star of given metallicity and colour, absolute 
magnitude can be estimated by linear interpolation of two 
ridgelines and by means of linear extrapolation beyond the 
metal-poor ridgeline. 

The most recent procedure used for absolute magnitude 
determination consists of finding the most likely values of the 
stellar parameters, given the measured atmospheric ones, and 
the time spent by a star in each region of the H-R diagram. 
In practice, researchers select the subset of isochrones with 
[M/H] ±Araf/H]> where A[m/h] is the estimated error on the 
metallicity, for each set of derived T e //, log<? and [M/H]. 
Then a Gaussian weight is associated to each point of the 
selected isochrones, which depends on the measured atmo- 
spheric parameters and the considered errors. This criterion 
allows the algorithm to select only the points whose values 
are closed by the pipeline of the corresponding survey such 
as RAVE. For details of t his procedure we cite the works of 



Breddels et al 



( 2010 ) and 



Zwitter et al 



! 201ol ). This proce- 



Retired. 



dure is based on many parameters. Hence it provides absolute 
magnitudes with high accuracy. Also it can be applied to both 
dwarf and giant stars simu ltaneously. 

In lKaraali et al.l (|2003l ). we presented a procedure for the 



1 
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photometric parallax estimation of dwarf stars which depends 
on the absolute ma gnitude offs e t from the main-sequence of 
the Hyades cluster. 



Bilir et al 



200a) obtained the absolute 



magnitude calibrations of the thin disc main-sequence stars in 
the optical (My) and in the near-infrared (Mj ) bands using 
the r e cent reduced Hip parcos astrometric data I van Leeuwenl 



20071 ) . iBilir et al.l |2009|) derived a new luminosity colour rela- 
tion based on trigonometric parallaxes for the thin disc main- 
sequence st ars with Sloan Digital Sky Survey (S PSS) pho- 
tometry. In lKaraali et alJ (|2012. hereafter Paper IT ), we used 
a similar procedure for the absolute magnitude estimation of 
red giants by using the Vb, (B — V)o apparent magnitude- 
colour diagrams of Galactic clusters with different metallici- 
ties. Here, we will estimate absolute magnitudes for red giants 
with go, (g — r)o colour-magnitude diagrams. Thus, we will 
give a ch ance to the research ers who work with SDSS pho- 
tometry I Fukueita et al. 1996) for a direct estimation of the 
absolute magnitudes of the red giants. The outline of the 
paper is as follows. We present the data in Section 2. The 
procedure used for calibration is given in Section 3, and Sec- 
tion 4 is devoted to summary and discussion. 

2 Data 

Six clusters with different metallicities, i.e. M92, M13, M3, 
M71, NGC 6791, and NGC 2158, were selected for our pro- 
gram. The g' and r' magnitudes for the firs t five clusters 
were taken from 
Vanden Berg & 



Clem. Vanden Berg fe Stetson! (|2008l ). Clem 



Stetson observed the clusters in the u'g'r'i'z' 
passbands with the MegaCam wide-field imager on the Canada- 
France-Hawaii Telescope. Whereas the g and r magnitudes 
for the cluster NGC 2158 were provided by t he observation of 



the c luster on instrumental ugriz passbands (|Smolinski et al 
I2011I ). The two sets of passbands are very similar, but not 
quite identical. We derived t he following equations by the 

l 2004 ) and transformed th e g' 



Rider et al 



Clem. Vanden Berg fc Stetson! 1)20081 ) to 



transformations of ] 
and g' — r' data of L 
the g and g — r data. Thus, we obtained a homogeneous set 
of data for absolute magnitude calibration. 



g = g' + 0M0[(g' -r')- 0.53], 
g-r= 1.060(0 - r) - 0.035(r' - i') - 0.024. 



(1) 



The range of the metallicity of the clusters given in iron 
abundance is -2.15 < [Fe/H] < +0.37 dex. The (g - M g ) 
true distance modulus, E(B — V) colour excess, and [Fe/H] 
iron abundance for M92, M13, M3, M71, NGC 6791 are taken 
from the authors given in second order of the reference list 
in Table 1, whereas the ones for NGC 2158 are those of 



Table 1: Data for the clusters used in our work. 



Cluster 


E(B - V) 


(a - M g ) 


[Fe/H] 


Rcf. 




(mag) 


(mag) 


(dcx) 




M92 


0.025 


14.72 


-2.15 


(1), (2) 


M13 


0.020 


14.38 


-1.41 


(1), (2) 


M3 


0.010 


15.04 


-1.50 


(1), (3) 


M71 


0.280 


12.83 


-0.78 


(1), (4) 


NGC6791 


0.100 


12.94 


0.37 


(1), (5) 


NGC2158 


0.440 


12.80 


-0.25 


(6) 



(3llHarrisi I ]l996l, l20ld) , (4llHodder et al.Nl992l). (5 1 
ISandage. Lubin fc VandenBerel ( 12003^ . (6) ISmolinski et al.l J201 ll) . 



Smolinski et al.l (|2011f ). The g and g — r data are presented 
in Table 2. We adopted R = A V /E(B - V) = 3.1 to convert 
the colour excess to the extinction. Although different nu- 
merical values appeared in the literature for specific regions 
of our Galaxy, a single value is applicable everywhere. Then, 
we used the equati ons A g /Ay — 1.199 and A r /Ay = 0.858, 
Ail Ay = 0.639 of iFanl 1 19991 ) to evaluate the total extinc- 
tions in A g , A r and Ai. Then, the equation for the selective 
extinction in SDSS is E(g - r)/A v = 0.341. 



The u'g'r'i' z magnitudes for the clusters in lClem, Vanden Berg fc Stet; 



( 20081 ) were given in ridge- lines. We plotted the transformed 
go, (g — r)o sequences on a diagram for each cluster and iden- 
tified the giants by means of their positions in the diagram. 
Whereas, the fiducial red giant sequence of the cluster NGC 
2158 given in Table 2, supplied by binning th e transformed g 



magni tudes and g— r colours of 54 red giants in lSmolinski et al. 
(|2011r ). We, then fitted the fiducial sequence of giants to high 
degree polynomials. A fourth degree polynomial was suffi- 
cient for the clusters NGC 6791 and NGC 2158, whereas a 
fifth degree polynomial was necessary for a good correlation 
coefficient for the clusters M92, M13, M3, M71, for a good 
correlation coefficient. The calibration of go is as follows: 



9o 



5 

E< 

i=0 



(2) 



The numerical values of the coefficients at (i — 0, 1, 2, 3, 
4, 5) are given in Table 3 and the corresponding diagrams are 
presented in Fig. 1. The (g — r)o-interval in the second line 
of the table denotes the range of (g — r)o available for each 
cluster. 

3 The Procedure 

3.1 Absolute Magnitude as a Function of 
Metallicity 

The procedure consists of a slight modification of the proce- 
dure in Paper I. There, we calibrated the absolute magnitude 
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Table 2: Original g' , g' 
NGC 6791. The g magnitudes and g 



and the transformed go, (g — r)o data for the clusters M92, M13, M3, M71 and 
r colours for the cluster NGC 2158 are original. 



a' 


— r' 


a' 


r' 


-i" 


9„ 


(a' - r')o 


(r' 


-i')o 


(9 


- r) 


9o 


a' - r' 


a' 


r' — i' 


a' 


(a' - r')o 


(r 1 - i')o 


(9 - r) 


9o 


M92 


M3 (cont.) 


1 


150 


12 


650 





508 


12 


557 


1.124 





491 


1 


150 


12 


593 


0.487 


17.987 


0.192 


17.950 


0.476 


0.185 


0.475 


17.947 





952 


12 


952 





411 


12 


859 


0.926 





394 





943 


12 


883 


0.479 


18.179 


0.189 


18.142 


0.468 


0.182 


0.466 


18.138 





835 


13 


335 





361 


13 


242 


0.809 





344 





821 


13 


259 


0.467 


18.367 


0.184 


18.330 


0.456 


0.177 


0.454 


18.325 





746 


13 


746 





330 


13 


653 


0.720 





313 





728 


13 


664 


M71 





684 


14 


184 





300 


14 


091 


0.658 





283 





663 


14 


099 


1.547 


13.047 


0.854 


12.006 


1.251 


0.664 


1.279 


12.050 





634 


14 


634 





276 


14 


541 


0.608 





259 





611 


14 


546 


1.344 


13.344 


0.640 


12.303 


1.048 


0.450 


1.071 


12.334 





593 


15 


093 





255 


15 


000 


0.567 





238 





568 


15 


002 


1.203 


13.703 


0.566 


12.662 


0.907 


0.376 


0.924 


12.685 





554 


15 


554 





238 


15 


461 


0.528 





221 





527 


15 


461 


1.102 


14.102 


0.511 


13.061 


0.806 


0.321 


0.819 


13.078 





523 


16 


023 





222 


15 


930 


0.497 





205 





495 


15 


928 


1.019 


14.519 


0.464 


13.478 


0.723 


0.274 


0.733 


13.490 





497 


16 


497 





210 


16 


404 


0.471 





193 





468 


16 


401 


0.953 


14.953 


0.439 


13.912 


0.657 


0.249 


0.664 


13.920 





476 


16 


976 





200 


16 


883 


0.450 





183 





446 


16 


878 


0.907 


15.407 


0.423 


14.366 


0.611 


0.233 


0.616 


14.371 





458 


17 


458 





189 


17 


365 


0.432 





172 





427 


17 


359 


0.871 


15.871 


0.412 


14.830 


0.575 


0.222 


0.578 


14.833 





448 


17 


648 





184 


17 


555 


0.422 





167 





417 


17 


549 


0.837 


16.337 


0.405 


15.296 


0.541 


0.215 


0.542 


15.297 


M13 


0.813 


16.813 


0.399 


15.772 


0.517 


0.209 


0.517 


15.771 


1 


330 


12 


630 





540 


12 


556 


1.309 





526 


1 


345 


12 


602 


0.795 


17.295 


0.394 


16.254 


0.499 


0.204 


0.498 


16.252 


1 


071 


12 


871 





460 


12 


797 


1.050 





446 


1 


073 


12 


828 


0.789 


17.489 


0.391 


16.448 


0.493 


0.201 


0.492 


16.446 





933 


13 


233 





398 


13 


159 


0.912 





384 





929 


13 


182 


0.781 


17.681 


0.381 


16.640 


0.485 


0.191 


0.483 


16.638 





824 


13 


624 





353 


13 


550 


0.803 





339 





815 


13 


566 


NGC 6791 





750 


14 


050 





320 


13 


976 


0.729 





306 





738 


13 


988 


1.414 


14.514 


0.730 


14.142 


1.308 


0.662 


1.340 


14.189 





694 


14 


494 





292 


14 


420 


0.673 





278 





679 


14 


428 


1.298 


14.898 


0.543 


14.526 


1.192 


0.475 


1.223 


14.566 





647 


14 


947 





268 


14 


873 


0.626 





254 





631 


14 


878 


1.214 


15.314 


0.468 


14.942 


1.108 


0.400 


1.137 


14.977 





607 


15 


407 





250 


15 


333 


0.586 





236 





589 


15 


336 


1.145 


15.745 


0.424 


15.373 


1.039 


0.356 


1.065 


15.404 





570 


15 


870 





235 


15 


796 


0.549 





221 





550 


15 


797 


1.086 


16.186 


0.389 


15.814 


0.980 


0.321 


1.004 


15.841 





538 


16 


338 





224 


16 


264 


0.517 





210 





517 


16 


263 


1.040 


16.640 


0.363 


16.268 


0.934 


0.295 


0.956 


16.293 





509 


16 


809 





214 


16 


735 


0.488 





200 





486 


16 


732 


1.006 


17.106 


0.348 


16.734 


0.900 


0.280 


0.921 


16.757 





486 


17 


286 





206 


17 


212 


0.465 





192 





462 


17 


208 


0.977 


17.577 


0.341 


17.205 


0.871 


0.273 


0.890 


17.226 





474 


17 


574 





200 


17 


500 


0.453 





186 





450 


17 


495 


0.965 


17.765 


0.339 


17.393 


0.859 


0.271 


0.877 


17.413 





461 


17 


761 





195 


17 


687 


0.440 





181 





436 


17 


681 


0.946 


17.946 


0.335 


17.574 


0.840 


0.267 


0.857 


17.593 


M3 


NGC 2158 



1.300 


13.300 


0.580 


13.263 


1.289 


0.573 


1.323 


13.308 


9 - r 


9 


(a - r) 


90 










1.058 


13.558 


0.446 


13.521 


1.047 


0.439 


1.071 


13.552 


0.553 


15.739 


0.553 


15.739 










0.918 


13.918 


0.383 


13.881 


0.907 


0.376 


0.925 


13.903 


0.614 


15.294 


0.614 


15.294 










0.810 


14.310 


0.338 


14.273 


0.799 


0.331 


0.812 


14.289 


0.708 


14.777 


0.708 


14.777 










0.733 


14.733 


0.305 


14.696 


0.722 


0.298 


0.731 


14.707 


0.741 


14.508 


0.741 


14.508 










0.675 


15.175 


0.281 


15.138 


0.664 


0.274 


0.671 


15.146 


0.763 


14.345 


0.783 


14.297 










0.626 


15.626 


0.261 


15.589 


0.615 


0.254 


0.619 


15.594 


0.782 


14.265 


0.852 


13.870 










0.584 


16.084 


0.245 


16.047 


0.573 


0.238 


0.575 


16.049 


0.803 


14.296 


0.965 


13.687 










0.555 


16.555 


0.230 


16.518 


0.544 


0.223 


0.545 


16.519 


0.852 


13.870 














0.528 


17.028 


0.215 


16.991 


0.517 


0.208 


0.517 


16.990 


0.965 


13.687 














0.507 


17.507 


0.203 


17.470 


0.496 


0.196 


0.495 


17.468 
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Figure 1: go, (g — r)o colour-apparent magnitude dia- 
grams for six Galactic clusters used for the absolute mag- 
nitude calibration. 




Figure 2: M gi (g — r)o colour-absolute magnitude dia- 
grams for six clusters used for the absolute magnitude 
calibration. 



Table 3: Numerical values of the coefficients a% (i =0, 1, 
2, 3, 4, 5). 



M3 



M71 NGC 6791 NGC 2158 



r) [0.42-1.15] [0.44-1.35] [0.45-1.32] [0.48-1.28] [0.86-1.34] [0.55-0.96] 



°3 
a 2 
"1 



-107.410 
442.770 

-729.420 
609.900 

-266.560 
63.533 



1.2115 
5.9697 
-41.8770 
81.6260 
-69.8160 
35.8660 



-30.463 
161.410 

-340.950 
362.750 

-198.370 
59.319 



-133.31 
617.40 
-1132.00 
1033.00 
-475.38 
102.71 



-3.2426 
-7.3559 

60.9390 
-96.0120 

61.5710 



201.770 
-581.310 

624.230 
-302.130 
71.356 



offsets from the fiducial red giant sequence of a standard clus- 
ter (M5) for a given colour index as a function of metallicity 
offsets. Whereas, here we calibrated the absolute magnitudes 
directly to metallicities for a given (g — r)o colour. Thus, one 
does not need to calculate an absolute magnitude offset from 
a standard cluster and then to add it to the corresponding ab- 
solute magnitude of the standard cluster for the final absolute 
magnitude estimation. Also, the new procedure decreased the 
number of columns in the final tables. We estimated the M g 
absolute magnitudes for the (g — r)o colours given in Table 4 
for the cluster sample in Table 1 by combining the go appar- 
ent magnitudes evaluated by Eq. (2) and the true distance 
modulus (/io) of the cluster in question, i.e. 



(3) 

Then, we plotted the absolute magnitudes versus (g — r)o 
colours. Fig. 2 shows that the absolute magnitude is colour 
and metallicity dependent. It increases (algebraically) with 
increasing metallicity and decreasing colour. 

Now, we can fit the M g absolute magnitudes to the corre- 
sponding [Fe/H] metallicity for a given (g — r)o colour index 
and obtain the required calibration. This is carried out for the 
colour indices (g—r)o = 0.60, 0.75, 0.95, 1.05 and 1.20 just for 
the exhibition of the procedure. The results are given in Table 
5 and Fig. 3. The absolute magnitudes in the colour indices 
{9 - r )o = 0.60, 0.75, 1.05 and 1.20 could be fitted to a sec- 
ond degree polynomial with (squared) correlation coefficients 
R 2 > 0.9993. The range of the metallicity for the colour index 
(.9 - r) = 0.95 is the highest, i.e. -2.15 < [Fe/H] < 0.37 
dex. Hence, a third degree polynomial was necessary for the 
high (squared) correlation coefficient R 2 — 0.9994. The high 
correlation coefficients indicate accurate absolute magnitude 
estimation. 

This procedure can be applied to any (g — r)o colour- 
interval for which the sample clusters are defined. The (g— r)o 
domain of the clusters are different. Hence, we adopted this 
interval in our study as 0.45 < (g — r)o < 1-30 where at 
least two clusters are defined, and we evaluated M g absolute 
magnitudes for each colour. Then, we combined them with 
the corresponding [Fe/H] metallicities and obtained the final 
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calibrations. The metallicities of the clusters M13 and M3 
are close to each other, i.e. [Fe/H] -1.41 and -1.50 dex, re- 
spectively. Hence, we adopted the mean of the data of these 
clusters in the absolute magnitude calibration. The general 
form of the equation for the calibrations is as follows: 



M g = b + biX + b 2 X 2 + b 3 X 3 (4) 

where X = [Fe/H]. 

M g could be fitted in terms metallicity by different de- 
grees of polynomials. A cubic polynomial was necessary only 
for a limited interval, i.e. 0.85 < (g — r)o < 0.96, for a high 
correlation coefficient. Whereas a quadratic or linear polyno- 
mials were sufficient for most of the colour indices, i.e. 0.45 

< (9 - r) < 0.84 and 0.97 < (g - r) < 1.30, for a high 
correlation coefficient. The degree of the polynomial depends 
mainly on the metallicity range considered. However, despite 
of the large domain in metallicity, -2.15 < [Fe/H] < 0.37 
dex, absolute magnitudes for the colour index interval 0.97 

< (g — r)o < 1.15 could be fitted by quadratic polynomials 
with high correlation coefficients. Then, one can say that 
the data presented for different clusters are homogeneous and 
our procedure promises accurate absolute magnitude estima- 
tion. The absolute magnitudes estimated via Eq. (3) for 86 
(g — r)o colour indices and the corresponding bi (i =0, 1, 2, 3) 
coefficients are given in Table 6. However, the diagrams for 
the calibrations are not given in the paper for avoiding space 
consuming. One can use any data set taken from Table 6 de- 
pending on the desire accuracy, and apply it to stars whose 
iron abundances are available. 

The calibration of M g in terms of [Fe/H] is carried out 
for the colour interval 0.45 < (g — r)o < 1-30 mag in steps of 
0.01 mag. A small step is necessary to isolate an observational 
error on g — r plus an error due to reddening. The origin of the 
mentioned errors is the trend of the red giant branch (RGB) 
sequence. As it is very steep, a small error in g — r implies a 
large change in the absolute magnitude. 

Iron abundance, [Fe/H], is not the only parameter deter- 
mining the chemistry of the star but also alpha enhancement, 
[a/Fe], is surely important. However, as stated in Paper I, 
there is a correlation between two sets of abundances. Hence, 
we do not expect any considerable change in the numerical 
values of M g in the case of addition of the alpha enhance- 
ment term in Eq. (4). 

3.2 Application of the Method 

We applied the method to five clusters with different metal- 
licities, i.e. M15, M53, M5, NGC 5466, and NGC 7006, as 
explained in the following. The reason of choosing clusters 



Table 5: M g absolute magnitudes and [Fe/H] metallici- 
ties for five (g — r)o-intervals 



(.9 - r) 


r 7-1 / TT^ 

[Fe/H] 


Mg 


(mag) 


(dex) 


(mag) 


A £?A 

0.60 


-z.15 


O AO O 

-0.083 




-1.46 


0.778 




-0.78 


1.669 




-0.25 


2.587 


0.75 


-2.15 


-1.156 




-1.46 


-0.450 




-0.78 


0.559 




-0.25 


1.689 


0.95 


-2.15 


-1.844 




-1.46 


-1.246 




-0.78 


-0.274 




-0.25 


0.842 




0.37 


3.469 


1.05 


-2.15 


-1.951 




-1.46 


-1.479 




-0.78 


-0.506 




0.37 


2.547 


1.20 


-1.46 


-1.695 




-0.78 


-0.629 




0.37 


1.734 
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Table 4: M g absolute magnitudes estimated for a set of (g — r)p colours for six Galactic clusters used in the calibration. 



Cluster — > 


M92 


M13 


M3 


M71 


NGC 2158 


NGC 6791 


(ff _ r )o 








Mg 






0.45 


2.072 


3.049 


3.457 


4.845 


_ 


_ 


0.50 


1.147 


2.161 


2.299 


3.362 






0.55 


0.453 


1.419 


1.419 


2.354 


2.962 




0.60 


-0.083 


0.804 


0.752 


1.669 


2.587 




0.65 


-0.511 


0.298 


0.245 


1.192 


2.284 




0.70 


-0.862 


-0.115 


-0.144 


0.840 


1.993 




0.75 


-1.156 


-0.452 


-0.448 


0.559 


1.689 




0.80 


-1.400 


-0.725 


-0.692 


0.316 


1.373 




0.85 


-1.595 


-0.947 


-0.894 


0.096 


1.080 


4.839 


0.90 


-1.742 


-1.128 


-1.066 


-0.102 


0.872 


4.091 


0.95 


-1.844 


-1.276 


-1.215 


-0.274 


0.842 


3.469 


1.00 


-1.907 


-1.400 


-1.344 


-0.410 




2.960 


1.05 


-1.951 


-1.504 


-1.454 


-0.506 




2.547 


1.10 


-2.007 


-1.591 


-1.546 


-0.562 




2.216 


1.15 


-2.127 


-1.664 


-1.617 


-0.593 




1.950 


1.20 




-1.722 


-1.669 


-0.629 




1.734 


1.25 




-1.763 


-1.703 


-0.726 




1.550 


1.30 




-1.782 


-1.726 


-0.963 




1.380 


1.35 




-1.775 








1.208 



instead of individual field giants is that clusters provide ab- 
solute magnitudes for comparison with the ones estimated by 
means of our method. The distance modulus, colour excess 
and metallicity of the clusters are given in Table 7, whereas 
the g magnitudes and g — r colours are presented in Table 8 
and they are calibrated in Fig. 4. The g and g — r data of the 
clusters are taken from 



Anetal 



( 2008T ). Also the colour ex- 



cesses and the distance moduli of all clusters and the metallic- 
ities of M15 and M5 are taken from . 



An et al 



(2008). Whereas 



the metallicities of three clusters, M53, NGC 5466, and NGC 
7006, are taken from the authors cited in Table 7 



An et al 



( 2008! ) claimed [Fe/H] = -1.99 and -1.48 dex for the clusters 
M 53 and NGC 7006, res pectively. Whereas the metallicities 
Santos fc Piattil hooj ). i.e. [Fe/H] = -1.88 and -1.35 dex, 



provide more accu r ate ab solut e magnitudes. The met allicities 
cited by An et al. 1 20081 ) and Rosenberg et al. ( 1999 ) for the 



cluster NGC 5466 are [Fe/H] = -2.22 and -2.13±0.36 dex 



respec tively. Here again, the metallicity in I Rosenberg et al. 



(119991 ) plus its error, i.e. [Fe/H] — —1.17 dex, provides more 
accurate absolute magnitudes. 

We evaluated the M g absolute magnitude by means of the 
the Eq. (4) for a set of (g — r)o colour indices where the clus- 
ters are defined. The results are presented in Table 9. The 
columns give: (1) (g — r)o colour index, (2) (M s ) c j, absolute 



Table 7: Data for the clusters used for the application of 
the method. 



Cluster 


E(B - V) 


(.9 " M 9 )o 


[Fe/H] 


Rcf. 


M15 


0.10 


15.25 


-2.42 


1 


M53 


0.02 


16.25 


-1.88 


2 


M5 


0.03 


14.42 


-1.26 


1 


NGC5466 


0.00 


16.00 


-1.77 


3 


NGC7006 


0.05 


18.09 


-1.35 


2 



Cll lAn et all 1 I2OO8I) , (2) Santos & Piatti (2004). (3) Rosenbor g" et al] 
jl999h . 



magnitude for a cluster estimated by its colour magnitude 
diagram, (3) (M g ) ev , the absolute magnitude estimated by 
the procedure (4) AM, absolute magnitude residuals. Also, 
the metallicity for each cluster is indicated near the name of 
the cluster. The differences between the absolute magnitudes 
estimated by the procedure presented in this study and the 
ones evaluated via the colour magnitudes of the clusters (the 
residuals) lie between -0.28 and +0.43 mag. However, the 
range of 94% of the absolute magnitude residuals is shorter, 
i.e. 0.1 < M g < 0.4 mag. The mean and the standard de- 
viation of the residuals are < AAI >= 0.169 and a — 0.140 
mag, respectively. The distribution of the residuals are given 
in Table 10 and Fig. 4. 
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Table 6: M g absolute magnitudes estimated for six Galactic clusters and the numerical values of bi (i = 0,1,2, 
coefficients in Eq. (3). The absolute magnitudes and metallicities of the clusters M13 and M3 were combined in 
evaluation of bi coefficients. The last column gives the range of the metallicity [Fe/H] (dex) for the star whose absolute 
magnitude would be estimated. R 2 is the square of the correlation coefficient. 

Cluster M92 M13 + M3 M71 NGC 2158 NGC 6791 



0.45 
0.46 
0.47 
0.48 
0.49 
0.50 
0.51 
0.52 
0.53 
0.54 
0.55 
0.56 
0.57 
0.58 
0.59 
0.60 
0.61 
0.62 
0.63 
0.64 
0.65 
0.66 
0.67 
0.68 
0.69 
0.70 
0.71 
0.72 
0.73 
0.74 
0.75 
0.76 
0.77 
0.78 
0.79 
0.80 
0.81 
0.82 
0.83 
0.84 
0.85 
0.86 
0.87 
0.88 
0.89 
0.90 
0.91 
0.92 
0.93 
0.94 
0.95 
0.96 
0.97 
0.98 
0.99 
1.00 
1.01 
1.02 
1.03 
1.04 
1.05 
1.06 
1.07 
1.08 
1.09 
1.10 
1.11 
1.12 



1.16 
1.17 
1.18 
1.19 
1.20 
1.21 
1.22 
1.23 
1.24 
1.25 
1.26 
1.27 
1.28 
1.29 
1.30 



2.072 
1.864 
1.669 
1.484 
1.311 
1.147 
0.992 
0.846 
0.708 
0.577 
0.453 
0.335 
0.223 
0.116 
0.014 
-0.083 
-0.176 
-0.265 
-0.350 
-0.432 
-0.511 
-0.586 
-0.659 
-0.729 
-0.797 
-0.862 
-0.925 
-0.986 
-1.045 
-1.101 
-1.156 
-1.209 
-1.259 
-1.308 
-1.355 
-1.400 
-1.442 
-1.484 
-1.523 
-1.560 
-1.595 
-1.628 
-1.660 
-1.689 
-1.717 
-1.742 
-1.766 
-1.788 
-1.808 
-1.827 
-1.844 
-1.859 
-1.873 
-1.885 
-1.897 
-1.907 
-1.917 
-1.925 
-1.934 
-1.942 
-1.951 
-1.960 
-1.969 
-1.980 
-1.993 
-2.007 
-2.024 
-2.044 
-2.068 
-2.095 
-2.127 



4.845 
4.502 
4.183 
3.888 
3.615 
3.362 
3.127 
2.911 
2.710 
2.525 
2.354 
2.195 
2.048 
1.912 
1.786 
1.669 
1.560 
1.458 
1.364 
1.275 
1.192 
1.114 
1.040 
0.970 
0.904 
0.840 
0.780 
0.722 
0.666 
0.612 
0.559 
0.508 
0.458 
0.410 
0.363 
0.316 
0.270 
0.226 
0.182 
0.139 
0.096 
0.055 
0.014 
-0.026 
-0.064 
-0.102 
-0.139 
-0.174 
-0.209 
-0.242 
-0.274 
-0.304 
-0.333 
-0.360 
-0.386 
-0.410 
-0.432 
-0.453 
-0.472 
-0.490 
-0.506 
-0.520 
-0.532 
-0.543 
-0.553 
-0.562 
-1.584 -0.569 



3.253 
3.029 
2.815 
2.611 
2.416 
2.230 
2.052 
1.883 
1.721 
1.566 
1.419 
1.278 
1.144 
1.016 
0.894 
0.778 
0.667 
0.561 
0.460 
0.364 
0.272 
0.184 
0.100 
0.020 
-0.056 
-0.130 
-0.199 
-0.266 
-0.330 
-0.391 
-0.450 
-0.506 
-0.560 
-0.611 
-0.661 
-0.708 
-0.754 
-0.798 
-0.840 
-0.881 
-0.920 
-0.958 
-0.995 
-1.030 
-1.064 
-1.097 
-1.129 
-1.159 
-1.189 
-1.218 
-1.246 
-1.272 
-1.299 
-1.324 
-1.348 
-1.372 
-1.395 
-1.417 
-1.438 
-1.459 
-1.479 
-1.498 
-1.517 
-1.535 
-1.552 
-1.568 



-1.599 
-1.614 
-1.627 
-1.640 
-1.653 
-1.664 
-1.675 
-1.686 
-1.695 
-1.704 
-1.712 
-1.720 
-1.727 
-1.733 
-1.738 
-1.743 
-1.747 
-1.751 
-1.754 



-0.576 
-0.582 
-0.587 
-0.593 
-0.598 
-0.604 
-0.611 
-0.619 
-0.629 
-0.642 
-0.657 
-0.675 
-0.698 
-0.726 
-0.759 
-0.798 
-0.844 
-0.899 
-0.963 



2.962 
2.877 
2.799 
2.724 
2.654 
2.587 
2.523 
2.461 
2.401 
2.342 
2.284 
2.226 
2.168 
2.110 
2.052 
1.993 
1.934 
1.874 
1.813 
1.751 
1.689 
1.626 
1.563 
1.500 
1.436 
1.373 
1.311 
1.251 
1.191 
1.134 
1.080 
1.029 
0.982 
0.939 
0.902 
0.872 
0.848 
0.832 
0.825 
0.828 
0.842 
0.868 



4.839 
4.679 
4.524 
4.374 
4.230 
4.091 
3.957 
3.828 
3.704 
3.584 
3.469 
3.359 
3.253 
3.151 
3.053 
2.960 
2.870 
2.784 
2.701 
2.622 
2.547 
2.475 
2.406 
2.339 
2.276 
2.216 
2.158 
2.103 
2.050 
1.999 
1.950 
1.904 
1.859 
1.816 
1.774 
1 . 734 
1.695 
1.657 
1.621 
1.585 
1.550 
1.515 
1.481 
1.447 
1.414 
1.380 
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Figure 3: Calibration of the absolute magnitude M g as a 
function of metallicity [Fe/H] for five colour-indices. 



The absolute magnitudes on the RGB at a given colour 
and metallicity do not change linearly or quadratically with 
age. Instead, the absolute magnitudes gets rapidly fainter for 
young (and massive) stars with a certain g — r and [Fe/H], 
but shows virtually the same absolute magnitude for all old 
stars, i.e. t > 6 Gyrs. That is, the gradient of the absolute 
magnitude respect to a given colour and metallicity is greater 
for a young star relative to an old one. 

4 Summary and Discussion 

We presented an absolute magnitude calibration for giants 
based on the colour-magnitude diagrams of six Galactic clus- 
ters with different metallicities, i.e. M92, M13, M3, M71, 
NGC 6791 and NGC 2158. All the clusters were observed 
i n the u'g'r'i'z' passbands by Clem. Vanden Berg fc Stetson! 
(12008! ) except the clus ter NGC 2158 which is observed in 

( 201lh . We used the 



the ugriz passban ds by 



Smolinski et al 



I 2004 ) and transformed th e g' 



transformations of iRider et al 
and g' — r' data in 
the g and g — r data. Thus, we obtained a homogeneous set of 




Clem. Vanden Berg fc Stetson! (|2008r ) to 



Figure 4: go, (g — r)o colour-apparent magnitude dia- 
grams for the Galactic clusters used for the application 
of the procedure. 



data in SDSS system for absolute magnitude calibration. We 
combined the calibrations between go and (g — r)o for each 
cluster with their true distance modulus and evaluated a set 
of absolute magnitudes for the (g — r)o range of each clusters. 
Then, we htted the M g absolute magnitudes in terms of iron 
metallicity, [Fe/H], by different degrees of polynomials for a 
given (g — r)o colour index. Our absolute magnitude calibra- 
tions cover the range 0.45 < (g — r)o < 1.30. However, not 
all the clusters could be considered for each (g — r)o colour 
index in this interval due to different (g — r)o domains of the 
clusters. The limited interval that all the clusters were con- 
sidered is 0.85 < (g — r)o < 0.96. Also, this interval is the 
unique interval where the highest degree (n= 3) of polynomial 
was fitted. A linear or quadratic polynomial was sufficient for 
the colour intervals 0.45< (g — r) <0.84 and 0.97< (g~r) < 
1.30 for a high correlation coefficient. 

We applied the procedure to another set of Galactic clus- 
ter, i.e. M15, M53, M5, NGC 5466 and NGC 7006. The 
reason for this chose is that a cluster provides absolute mag- 
nitude for comparison with the ones esti mate d by m eans of 
our procedure. We used the equations of iFanl (|1999T ) for de- 
reddening of the colour and magnitudes, and the calibration 
in Eq. (4) for evaluation a set of M g absolute magnitudes for 
each cluster in their (g — r)o domain. 
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Table 8: Fiducial giant sequences for the Galactic clusters used in the application of the procedure. 



s 






9 


<S - r) 


30 


9 


— r 




9 


<3 


- r) 


30 


M15 


M5 (cont.) 





803 


14.553 


0.697 


14 


181 


0.552 


16.802 


0.520 


16.690 





743 


14.993 


0.637 


14.621 


0.525 


17.275 


0.493 


17.163 





689 


15.439 


0.583 


15.067 


0.498 


17.748 


0.466 


17.636 





645 


15.895 


0.539 


15.523 


0.490 


17.840 


0.458 


17.728 





604 


16.354 


0.498 


15.982 


0.477 


17.927 


0.445 


17.815 





571 


16.821 


0.465 


16.449 


NGC5466 





546 


17.296 


0.440 


16.924 





954 


14 


704 





954 


14.704 





523 


17.773 


0.417 


17.401 





839 


15.089 





839 


15.089 





500 


18 


250 


0.394 


17.878 





748 


15.498 





748 


15.498 





490 


18 


440 


0.384 


18.068 





679 


15.929 





679 


15.929 





480 


18 


530 


0.374 


18 


158 





625 


16 


375 





625 


16.375 


M53 





582 


16.832 





582 


16.832 


1 


026 


14 


776 


1.005 


14 


702 





545 


17.295 





545 


17.295 





890 


15 


140 


0.869 


15 


066 





514 


17.764 





514 


17.764 





788 


15 


538 


0.767 


15 


464 





491 


18 


241 





491 


18.241 





708 


15 


958 


0.687 


15 


884 





465 


18 


715 





465 


18.715 





645 


16 


395 


0.624 


16 


321 





429 


19 


179 





429 


19.179 





600 


16 


850 


0.579 


16 


776 


NGC7006 





560 


17 


310 


0.539 


17 


236 


1 


348 


16 


598 


1 


295 


16.412 





525 


17 


775 


0.504 


17 


701 


1 


168 


16 


918 


1 


115 


16.732 





497 


18 


247 


0.476 


18 


173 


1 


030 


17 


280 





977 


17.094 





475 


18 


725 


0.454 


18 


651 





927 


17 


677 





874 


17.491 





451 


19 


201 


0.430 


19 


127 





839 


18 


089 





786 


17.903 





425 


19 


575 


0.404 


19 


501 





763 


18 


513 





710 


18.327 


M5 





703 


18 


953 





650 


18.767 





915 


14 


165 


0.883 


14.053 





659 


19 


409 





606 


19.223 





792 


14 


542 


0.760 


14.430 





622 


19 


872 





569 


19.686 





710 


14.960 


0.678 


14.848 





591 


20 


341 





538 


20.155 





661 


15.411 


0.629 


15.299 





562 


20 


812 





509 


20.626 


0.621 


15.871 


0.589 


15.759 





534 


21 


284 





481 


21.098 





584 


16.334 


0.552 


16.222 





504 


21 


604 





451 


21.418 



Table 9: Absolute magnitudes ((M g ) ev ) and residuals (AM) estimated by the procedure explained in our work. (M g ) c i 
denotes the absolute magnitude evaluated by means of the colour-magnitude diagram of the cluster. 



(1) 


(2) 


(3) 


(4) 


(1) 


(2) 


(3) 


(4) 


(1) 


(2) 


(3) 


(4) 


(s - »-)o 


(" 9 )c( 


(M s ) e „ 


AM 


(3 - r) 




(M g ) c „ 


AM 


<9 - r)g 




(M g ) e „ 


AM 


M15 ([Fe/H] 


=-2.42 dox) 


M5 (cont.) 


NGC7U0G l[F<-/H =-1.35 dox) 


0.45 


1.517 


1.738 


-0.221 


0.50 


2.627 


2.572 





051 


0.45 


3.470 


3.472 


-0.002 


0.47 


1.176 


1.295 


-0.118 


0.52 


2.315 


2.184 





132 


0.47 


3.102 


3.012 


0.090 


0.50 


0.719 


0.697 


0.021 


0.55 


1.863 


1.705 





158 


0.50 


2.596 


2.427 


0.169 


0.52 


0.452 


0.436 


0.016 


0.57 


1.578 


1.400 





178 


0.52 


2.287 


2.048 


0.239 


0.55 


0.109 


0.038 


0.071 


0.60 


1.188 


1.007 





181 


0.55 


1.864 


1.584 


0.280 


0.57 


-0.085 


-0.122 


0.037 


0.62 


0.955 


0.781 





174 


0.57 


1.606 


1.279 


0.327 


0.60 


-0.334 


-0.345 


0.011 


0.65 


0.654 


0.488 





165 


0.60 


1.253 


0.885 


0.369 


0.62 


-0.481 


-0.486 


0.005 


0.67 


0.485 


0.319 





166 


0.62 


1.039 


0.658 


0.381 


0.65 


-0.692 


-0.688 


-0.004 


0.70 


0.279 


0.097 





182 


0.65 


0.747 


0.364 


0.383 


0.67 


-0.842 


-0.818 


-0.023 


0.72 


0.171 


-0.033 





204 


0.67 


0.570 


0.194 


0.376 


0.70 


-1.109 


-1.007 


-0.102 


0.75 


0.047 


-0.206 





252 


0.70 


0.329 


-0.029 


0.358 


M53 ([Fo/H] 


=-1.88 dox) 


0.77 


-0.017 


-0.309 





292 


0.72 


0.183 


-0.159 


0.342 


0.45 


2.400 


2.475 


-0.075 


0.80 


-0.094 


-0.449 





355 


0.75 


-0.016 


-0.332 


0.316 


0.47 


2.043 


2.083 


-0.039 


0.82 


-0.143 


-0.535 





392 


0.77 


-0.136 


-0.434 


0.298 


0.50 


1.557 


1.570 


-0.014 


0.85 


-0.230 


-0.656 





426 


0.80 


-0.301 


-0.573 


0.273 


0.52 


1.263 


1.250 


0.013 


0.87 


-0.308 


-0.732 





123 


0.82 


-0.401 


-0.658 


0.257 


0.55 


0.866 


0.842 


0.023 


NGC5466 ([Fo/H] = -1.77 do 


■0 


0.85 


-0.538 


-0.723 


0.185 


0.57 


0.628 


0.576 


0.052 


0.45 


2.872 


2.660 





212 


0.87 


-0.621 


-0.802 


0.181 


0.60 


0.309 


0.225 


0.085 


0.47 


2.526 


2.263 





263 


0.90 


-0.737 


-0.916 


0.179 


0.62 


0.120 


0.019 


0.102 


0.50 


2.031 


1.748 





283 


0.92 


-0-808 


-0.990 


0.183 


0.65 


-0.131 


-0.255 


0.124 


0.52 


1.720 


1.415 





305 


0.95 


-0.907 


-1.102 


0.195 


0.67 


-0.279 


-0.417 


0.138 


0.55 


1.284 


1.000 





284 


0.97 


-0.968 


-1.259 


0.290 


0.70 


-0.474 


-0.633 


0.160 


0.57 


1.016 


0.720 





296 


1.00 


-1.055 


-1.311 


0.256 


0.72 


-0.587 


-0.762 


0.174 


0.60 


0.649 


0.354 





296 


1.02 


-1.109 


-1.341 


0.232 


0.75 


-0.737 


-0.934 


0.197 


0.62 


0.429 


0.140 





290 


1.05 


-1.187 


-1.380 


0.193 


0.77 


-0.825 


-1.037 


0.212 


0.65 


0.136 


-0.142 





279 


1.07 


-1.236 


-1.401 


0.165 


0.80 


-0.941 


-1.176 


0.235 


0.67 


-0.035 


-0.308 





273 


1.10 


-1.306 


-1.428 


0.122 


0.82 


-1.010 


-1.259 


0.248 


0.70 


-0.257 


-0.527 





270 


1.12 


-1.351 


-1.445 


0.093 


0.85 


-1.104 


-1.189 


0.085 


0.72 


-0.384 


-0.656 





272 


1.15 


-1.416 


-1.469 


0.053 


0.87 


-1.162 


-1.273 


0.111 


0.75 


-0.545 


-0.829 





284 


1.17 


-1.458 


-1.518 


0.060 


0.90 


-1.245 


-1.391 


0.146 


0.77 


-0.635 


-0.931 





296 


1.20 


-1.518 


-1.545 


0.027 


0.92 


-1.299 


-1.468 


0.168 


0.80 


-0.750 


-1.069 





318 


1.22 


-1.556 


-1.563 


0.007 


0.95 


-1.383 


-1.585 


0.202 


0.82 


-0.817 


-1.151 





334 


1.25 


-1.611 


-1.592 


-0.019 


0.97 


-1.441 


-1.751 


0.310 


0.85 


-0.909 


-1.064 





155 


1.27 


-1.645 


-1.615 


-0.030 


1.00 


-1.537 


-1.790 


0.253 


0.87 


-0.969 


-1.151 





181 


1.30 


-1.693 


-1.659 


-0.033 


M5 ([Fo/H] = 


=-1.26 dox 


) 


0.90 


-1.067 


-1.275 





208 










0.45 


3.392 


3.668 


-0.276 


0.92 


-1.143 


-1.357 





214 










0.47 


3.093 


3.185 


-0.092 


0.95 


-1.282 


-1.486 





201 











www.publish.csiro.au/journals/pasa 



10 



Table 11: Absolute magnitudes estimated by altering the metallicity as [Fe/H] + A[Fe/H}. The numerical values of 
[Fe/H] are indicated in the last column. The absolute magnitudes in column (1) are the original ones taken from 
Table 9, whereas those in the columns (2) — (5) correspond to the increments 0.05, 0.10, 0.15, and 0.20 dex. The 
differences between the original absolute magnitudes and those evaluated by means of the metallicity increments are 
given in columns (6)-(9). 



Mg 


AM 


(9 - r) 


(1) 


(2) 


(3) 


(4) 


(5) 


(6) 


(7) 




8) 


(9) 




0.50 


1.570 


1.651 


1.732 


1.813 


1.893 


0.081 


0.162 





242 


0.323 


[-Fe/H] = -1.88 + A[Fe/H] 


0.65 


-0.255 


-0.205 


-0.153 


-0.099 


-0.044 


0.050 


0.102 





156 


0.211 




0.85 


-1.189 


-1.130 


-1.075 


-1.024 


-0.977 


0.060 


0.115 





165 


0.212 




0.50 


2.572 


2.653 


2.734 


2.815 


2.895 


0.081 


0.162 





242 


0.323 


[Fe/H] = -1.26 + A[Fe/H] 


0.65 


0.488 


0.560 


0.633 


0.708 


0.784 


0.071 


0.145 





219 


0.296 




0.85 


-0.656 


-0.616 


-0.575 


-0.531 


-0.483 


0.039 


0.081 





125 


0.173 




0.50 


1.748 


1.829 


1.910 


1.990 


2.071 


0.081 


0.162 





242 


0.323 


[Fe/H] = -1.77 + A[Fe/H] 


0.65 


-0.142 


-0.088 


-0.033 


0.025 


0.084 


0.054 


0.110 





167 


0.226 




0.85 


-1.064 


-1.014 


-0.968 


-0.926 


-0.885 


0.050 


0.096 





139 


0.179 




0.50 


2.427 


2.507 


2.588 


2.669 


2.750 


0.081 


0.162 





242 


0.323 


[Fe/H] = -1.35 + A[Fe/H] 


0.65 


0.364 


0.432 


0.502 


0.574 


0.648 


0.068 


0.138 





210 


0.284 




0.85 


-0.723 


-0.686 


-0.648 


-0.608 


-0.566 


0.037 


0.075 





114 


0.156 




1.00 


-1.311 


-1.246 


-1.177 


-1.104 


-1.028 


0.065 


0.134 





207 


0.283 




1.20 


-1.545 


-1.471 


-1.397 


-1.320 


-1.243 


0.074 


0.148 





225 


0.302 





-0.4 



-0.2 



0.2 



0.4 



0.6 



Table 10: Distribution of the residuals, 
number of stars. 



TV denotes the 



AM-interval 


< AM > 


N 


(-0.3, -0.2] 


-0.249 


2 


(-0.2, -0.1] 


-0.110 


2 


(-0.1, 0.0] 


-0.033 


10 


(0.0, 0.1] 


0.045 


18 


(0.1, 0.2] 


0.163 


28 


(0.2, 0.3] 


0.258 


32 


(0.3, 0.4] 


0.348 


14 


(0.4, 0.5] 


0.425 


2 



Figure 5: Histogram of the residuals. 



We compared the absolute magnitudes estimated by this 
procedure with those evaluated via combination of the fiducial 
go, (g — r)o sequence and the true distance modulus for each 
cluster. The residuals lie between -0.28 and +0.43 mag. How- 
ever, the range of 94% of them is smaller, i.e. 0.1 < M g < 0.4 
mag. The mean and the standard deviation of all the resid- 
uals are < AM >= 0.169 and a = 0.140 mag, respectively. 
The range of the residuals in Paper I was greater than the 
one in this study, i.e. —0.61 < AMy < +0.66 mag. Also, the 
mean and the standard deviation of the residuals in a smaller 
range, -0.4 < AM < +0.4, which consists of 91% of the resid- 
uals were < AM >= 0.05 and a — 0.19 mag, respectively. 
Comparison of the statistical results presented in two studies 
shows that there is a small improvement on the results in this 
study with respect to the former one. As claimed in Paper 
I, there was an improvement on the results therein respect to 
the ones of iHog fc Flvnnl (|1998l h Hence, the same improve- 



ment holds for this study. The same im provement holds also 
for the work of 1 



Liunggren fc 

o3([l966|). 



Although age plays an important role in the trend of the 
fiducial sequence of the RGB, we have not used it as a pa- 
rameter in the calibration of absolute magnitude. Another 
problem may originate from the red clump (RC) stars. These 
stars lie very close to the RGB but they present a completely 
different group of stars. Table 10 and Fig. 5 summarize how 
reliable are our absolute magnitudes. If age and possibly the 
mix with RC stars would affect our results this should show 
up, i.e. the range of the residuals would be greater and their 
distributions would be multimodal. Whereas, in our study 
their range is small and the histogram of the residuals in Fig. 
5 is almost symmetric resembling a Gaussian distributio. Ad- 
ditionally, we should add that the fiducial sequences used in 
our study were properly selected as RGB. However, the re- 
searchers should identify and exclude the RC stars when they 
apply our calibrations to the field stars. 

The accuracy of the estimated absolute magnitudes de- 
pends mainly on the accuracy of the metallicity. We altered 
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the metallicity by [Fe/H] + A[Fe/H] in the evaluation of the 
absolute magnitudes by the procedure presented in our study 
and checked its effect on the absolute magnitude. We adopted 
[Fe/H] = -1.88, -1.26, -1.77, -1.35 dex and A[Fe/H] = 0.05, 
0.10, 0.15, 0.20 dex and re-evaluated the absolute magnitudes 
for 14 (g — r)o colour indices for this purpose. The differ- 
ences between the absolute magnitudes evaluated in this way 
and the corresponding ones evaluated without A[Fe/H] in- 
crements are given in Table 11. The maximum difference in 
absolute magnitude is ~ 0.3 mag corresponding to the metal- 
licity increment A[Fe/H] — 0.20 dex. The mean error in 
metallic ity for 42 globular and 33 open clusters in the cata- 
logue of ISantos fe Piattil 1)20041 ) is a — 0.19 dex. If we assume 
the same error for the field stars, the probable error in M g 
magnitudes would be less than 0.3 mag. 

The absolute magnitude could be calibrated as a function 
of ultraviolet excess, instead of metallicity. However, the ul- 
traviolet magnitudes can not be provided easily. Whereas, 
metallicity can be derived by different methods, such as by 
means of atmospheric model parameters of a star, a procedure 
which is applied rather extensively in large surveys such as 
RAVE. In such cases, one needs to transform the calibration 
from SDSS to the system in question. The age is a secondary 
parameter for the old clusters and does not influence much the 
position of their RGB. Th e youngest cluster in our paper i s 
NGC 2158 with age 2 Gyr jcarraro. Girardi & Marigrjhood l. 
However, the field stars may be much younger. We should 
remind that the derived relations are applicable to stars older 
than 2 Gyr. For clarification of this argument, let a star 
younger than 2 Gyr be with colour 0.55 < (g — r)o < 0.86 
mag. This star will be more metal-rich than the stars in 
the cluster NGC 2158, and according to the positions of the 
colour-absolute magnitude diagrams of the clusters in Fig. 2, 
it will be absolutely fainter than a star in the cluster NGC 
2158 of the same colour. Then, one needs to extrapolate the 
corresponding absolute magnitude-metallicity diagram in Fig. 
3 for its absolute magnitude evaluation (one of the two panels 
at the top depending on its colour). However, extrapolation 
may result in erroneous absolute M g magnitudes. 

We conclude that the M g absolute magnitudes of the red 
giants can be estimated with an accuracy of AM < 0.3 mag, 
provided that their [Fe/H] metallicities are known. 
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